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drive signal provided to a first electrode of the electrodes
to provide the driving force to facilitate an in-plane peri-
odic oscillatory motion of the vibrating-mass along a first
axis of the three orthogonal axes. The gyroscope con-

troller also generates a force-rebalance signal provided
to each of a second electrode and a third electrode of
the plurality of electrodes associated with a respective
second axis and a respective third axis of the three or-
thogonal axes to calculate a rotation of the gyroscope
system about the respective second axis and the respec-
tive third axis of the three orthogonal axes. Further, the
invention comprises a method for measuring a rotation
about each of the orthogonal axes via the system, spe-
cifically the gyroscope system.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates generally to sen-
sor systems, and specifically to a vibrating-mass gyro-
scope system.

BACKGROUND

[0002] There are a number different types of vibrating-
mass gyroscope systems that can be configured to cal-
culate rotation about a sensitive (e.g., input or sense)
axis. One type of gyroscope is a Coriolis vibratory gyro-
scope (CVG). There are a number of examples ofa CVG,
such as vibrating-mass gyroscopes and tuning fork gy-
roscopes. As an example, in a CVG, at least one mass
can vibrate in-plane along a drive axis. In response to an
applied angular rate about an input axis parallel to the
vibrating-mass, Coriolis forces cause the vibrating-mass
to vibrate out of plane along a sense axis (e.g., 90° rel-
ative to a drive axis). The amplitude of the out-of-plane
motion in open loop instruments or the force required to
rebalance and null the out-of-plane motion in closed-loop
instruments can correspond to a measure of the angular
rate applied about the input axis.

SUMMARY

[0003] Oneembodimentincludesagyroscope system.
The system includes a sensor system comprising a vi-
brating-mass and electrodes each arranged to provide
one of a driving force and a force-rebalance to the vibrat-
ing-mass in each of three orthogonal axes. The system
also includes a gyroscope controller that generates a
drive signal provided to a first electrode of the electrodes
to provide the driving force to facilitate an in-plane peri-
odic oscillatory motion of the vibrating-mass along a first
axis of the three orthogonal axes. The gyroscope con-
troller also generates a force-rebalance signal provided
to each of a second electrode and a third electrode of
the plurality of electrodes associated with a respective
second axis and a respective third axis of the three or-
thogonal axes to calculate a rotation of the gyroscope
system about the respective second axis and the respec-
tive third axis of the three orthogonal axes.

[0004] Another embodiment includes a method for
measuring rotation about each of three orthogonal axes
via a gyroscope system. The method includes providing
adrive signal to a first electrode to provide a driving force
to a vibrating-mass along a first axis of the three orthog-
onal axes during a first time period, and providing a first
force-rebalance signal to a second electrode to provide
a first force-rebalance to the vibrating-mass in a second
axis of the three orthogonal axes during the first time
period to calculate a rotation of the gyroscope system
about the second axis based on the first force-rebalance
signal. The method also includes providing a second
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force-rebalance signal to a third electrode to provide a
second force-rebalance to the vibrating-mass in a third
axis of the three orthogonal axes during the first time
period to calculate a rotation of the gyroscope system
about the third axis based on the second force-rebalance
signal and providing the drive signal to the second elec-
trode to provide the driving force to the vibrating-mass
along the second axis during a second time period. The
method further includes providing the first force-rebal-
ance signal to the first electrode to provide the first force-
rebalance to the vibrating-mass in the first axis during
the second time period to calculate a rotation of the gy-
roscope system about the first axis based on the first
force-rebalance signal.

[0005] Anotherembodimentincludesagyroscope sys-
tem that includes a first sensor system comprising a first
vibrating-mass and a first set of electrodes arranged to
provide a first driving force in a first axis of three orthog-
onal axes, a first force-rebalance in a second axis of the
three orthogonal axes, and a second force-rebalance in
a third axis of the three orthogonal axes to the first vibrat-
ing-mass. The system also includes a second sensor
system comprising a second vibrating-mass and a sec-
ond set of electrodes arranged to provide a second driv-
ing force in the second axis, a third force-rebalance in
the first axis, and a fourth force-rebalance in the third axis
to the second vibrating-mass. The system further in-
cludes a gyroscope controller configured to generate a
first drive signal and a second drive signal that are pro-
vided to the first and second sets of electrodes, respec-
tively, to provide respective first and second driving forc-
es to facilitate in-plane periodic oscillatory motion of the
first and second vibrating-masses along the respective
first and second axes, to generate first force-rebalance
signals that are provided to the first set of electrodes to
calculate a rotation of the gyroscope system about the
respective second and third axes, and to generate sec-
ond force-rebalance signals that are provided to the sec-
ond set of electrodes to calculate the rotation of the gy-
roscope system about the respective first and third axes.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

FIG. 1 illustrates an example of a vibrating-mass gy-
roscope system.

FIG. 2 illustrates an example of a sensor system.
FIG. 3 illustrates an example diagram of motion of a
sensor system.

FIG. 4 illustrates another example of a sensor sys-
tem.

FIG. 5illustrates another example diagram of motion
of a sensor system.

FIG. 6 illustrates another example of a gyroscope
system.

FIG. 7 illustrates yet another example of a gyroscope
system.
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FIG. 8 illustrates another example diagram of motion
of a sensor system.

FIG. 9 illustrates an example diagram of a first cali-
bration time period.

FIG. 10 illustrates an example diagram of a second
calibration time period.

FIG. 11 illustrates an example diagram of a third cal-
ibration time period.

FIG. 12 illustrates an example diagram of a fourth
calibration time period.

FIG. 13 illustrates an example diagram of a fifth cal-
ibration time period.

FIG. 14 illustrates an example diagram of a sixth
calibration time period.

FIG. 15 illustrates an example diagram of a seventh
calibration time period.

FIG. 16 illustrates an example diagram of an eighth
calibration time period.

FIG. 17 illustrates an example diagram of a ninth
calibration time period.

FIG. 18 illustrates an example of a method for meas-
uring rotation about each of three orthogonal axes
via a gyroscope system.

DETAILED DESCRIPTION

[0007] The presentinvention relates generally to sen-
sor systems, and specifically to a vibrating-mass gyro-
scope system. The vibrating-mass gyroscope system in-
cludes a sensor system and a gyroscope controller. The
sensor system can include at least one vibrating-mass
that can be arranged as a substantially planar vibrating-
mass and a set of electrodes. The electrodes can include
a first electrode that can receive a drive signal from the
gyroscope controller to provide a driving force of the vi-
brating-mass along a first axis of three orthogonal-axes
to provide an in-plane oscillatory motion of the vibrating-
mass. The electrodes can also include a second elec-
trode that receives afirst force-rebalance signal provided
by the gyroscope controller and a third electrode that
receives a second force-rebalance signal provided by
the gyroscope controller to provide force-rebalance of
the vibrating-mass in each of second and third axes of
the three-orthogonal axes. As a result, the gyroscope
controller can calculate a rotation of the gyroscope sys-
tem about the second and third axes based on the force-
rebalance signals (e.g., based on an amplitude of the
force-rebalance signals). The single sensor system can
have drive and/orforce-rebalance control of the vibrating-
mass in each of the three orthogonal axes.

[0008] As an example, the gyroscope system can in-
clude a plurality of sensor systems. The gyroscope con-
troller can be configured to provide drive signals to each
of the sensor systems to provide the drive force to the
respective vibrating-masses along separate axes, and
to provide the force-rebalance signals to the other of the
three orthogonal axes with respect to each of the sensor
systems. As a result, the gyroscope controller can cal-
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culate the rotation of the gyroscope system about the
three orthogonal axes based on the separate force-re-
balance signals applied with respect to the three orthog-
onal axes. Additionally, the gyroscope controller can be
configured to alternately change the axis along which the
drive signal, and thus along which the force-rebalance
signals, are applied to each of the sensor systems. As a
result, a given one sensor system can be configured to
facilitate calculation of rotation of the gyroscope system
about the three orthogonal axes during separate time
periods. Furthermore, for multiple sensor systems, the
rotation of the gyroscope system about a given one axis
can be calculated differentially in two separate time pe-
riods to facilitate calibration of the sensor system with
respect to the rotation of the gyroscope system about the
respective axis.

[0009] FIG. 1 illustrates an example of a vibrating-
mass gyroscope system 10. The vibrating-mass gyro-
scope system 10 can be implemented in any of a variety
of applications with which accurate measurement of ro-
tation may be necessary, such as aerospace and nautical
navigation. The vibrating-mass gyroscope system 10 in-
cludes asensor system 12 and a gyroscope controller 14.
[0010] The sensor system 12 includes at least one vi-
brating-mass 16 that can be arranged as a substantially
planar inertial mass. As an example, the vibrating-
mass(es) 16 can be arranged as an even-number quan-
tity (e.g., four) of vibrating-masses arranged in pairs. For
example, the vibrating-mass(es) 16 can be fabricated as
alayer of silicon, and can be fabricated in an approximate
square shape to allow for in-plane movement about three
orthogonal axes. In the example of FIG. 1, the sensor
system 12 includes one or more sets of X-axis electrodes
18, one or more sets of Y-axis electrodes 20, and one or
more sets of Z-axis electrodes 22 that can each be cou-
pled to a respective one of the vibrating-mass(es) 16,
such that each of the vibrating-mass(es) 16 can be as-
sociated with a respective set of each of the X, Y, and Z-
axis electrodes 18, 20, and 22.

[0011] Asanexample,the setsof X, Y, and Z-axis elec-
trodes 18, 20, and 22 can be arranged at a periphery of
the vibrating-mass(es) 16 to provide for in-plane periodic
oscillatory movement and force-rebalance of the vibrat-
ing-mass(es) 16 in each of the three orthogonal axes.
For example, the sets of X, Y, and Z-axis electrodes 18,
20, and 22 can each include capacitively coupled elec-
trode pairs that are configured to generate an attractive
electrostatic force with respect to the vibrating-mass-
es(es) 16 to move the vibrating-mass(es) 16 with respect
to a stationary housing (e.g., on which the X, Y, and Z-
axis electrodes 18, 20, and 22 are coupled). As described
herein, at a given time of operation of the sensor system
12, one of the X, Y, and Z-axis electrodes 18, 20, and 22
can correspond to a drive axis along which a drive force
is provided to the vibrating-mass(es) 16 to facilitate the
in-plane periodic oscillatory movement, while the other
two of the X, Y, and Z-axis electrodes 18, 20, and 22
correspond to sense axes for calculation of rotation of
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the gyroscope system 10 about the respective sense ax-
es.

[0012] The gyroscope controller 14 is configured to re-
ceive pickoff signals PO that can collectively be associ-
ated with the X, Y, and Z-axis electrodes 18, 20, and 22,
such as to provide force-rebalance of the vibrating-
mass(es) 16. The gyroscope controller 14 can also be
configured to generate one or more drive signals DRV
that are provided to one of the sets of X, Y, and Z-axis
electrodes 18, 20, and 22 in a given time period to gen-
erate electrostatic force to provide an in-plane periodic
oscillatory motion of the vibrating-mass(es) 16 along a
respective drive axis associated with one of the orthog-
onal axes. Forexample, thedrive signal(s) DRV can have
a frequency that is approximately equal to a resonant
frequency associated with one or more flexures that cou-
ple the vibrating-mass(es) 16 to an associated housing
to which the X, Y, and Z-axis electrodes 18, 20, and 22
are coupled. As an example, as described in greater de-
tail herein, in the example of plural vibrating-masses 16,
the in-plane periodic oscillatory motion can be provided
at 180° out-of-phase with respect to each given pair of
vibrating-masses 16 to provide counter-balanced motion
of the vibrating-mass(es) 16. Therefore, as described
herein, the sensor system 12 is arranged such that the
vibrating-mass(es) 16 can be driven substantially simi-
larly along any of the three orthogonal axes in response
to the drive signal(s) DRV being applied to any of the
respective X, Y, and Z-axis electrodes 18, 20, and 22.
[0013] The gyroscope controller 14 is also configured
to generate force-rebalance signals FRB that are provid-
ed to the other two sets of the X, Y, and Z-axis electrodes
18, 20, and 22 relative to the drive signal(s) DRV to gen-
erate electrostatic force along respective sense axes that
are each orthogonal with respect to the drive axis to null
the sense pickoff and the motion of the vibrating-
mass(es) 16 in response to rotation of the sensor system
12 about the respective sense axes, such as in response
to sense pickoff signals PO. For example, the force-re-
balance signals FRB can include a first force-rebalance
signal FRB, and a second force-rebalance signal FRB,
that are provided to a respective two of the X, Y, and Z-
axis electrodes 18, 20, and 22 that are not receiving the
drive signal(s) DRV. As an example, the force-rebalance
signals FRB can have a frequency that is approximately
equal to the frequency of the drive signal(s) DRV (e.g.,
approximately equal to the resonant frequency of the as-
sociated flexures).

[0014] The drive signal(s) DRV and the force-rebal-
ance signals FRB can be generated at an amplitude that
is based on demodulated pickoff signal(s), demonstrated
in the example of FIG. 1 as signals PO. As an example,
the demodulated sense pickoff signals PO can have a
frequency that is significantly greater than the frequency
ofthe force-rebalance signals FRB (e.g., an order of mag-
nitude or greater). Therefore, rotation of the sensor sys-
tem 12 about a given axis can result in a Coriolis force-
induced motion of the vibrating-mass(es) 16 orthogonally
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with respect to the in-plane periodic oscillatory motion
associated with the drive axis. Accordingly, the electro-
static force that is generated by the force-rebalance in
the other two orthogonal axes in response to the force-
rebalance signals FRB can force the vibrating-mass(es)
16 to be maintained ata null position along the respective
sense axes. As described herein, the term "null position"
corresponds to a position of the vibrating-mass(es) 16
along the sense axes corresponding to an approximate
zero value associated with the demodulated pickoff sig-
nal(s).

[0015] The gyroscope controller 14 includes a proces-
sor 24, a signal generator 26, and a demodulator system
28. The signal generator 26 is configured to generate the
drive signal(s) DRV and the force-rebalance signals FRB
that are provided to the X, Y, and Z-axis electrodes 18,
20, and 22. In response to the application of the drive
signal(s) DRV and the force-rebalance signals FRB, the
pickoff signals PO are provided to the demodulator sys-
tem 28. As an example, the pickoff signals PO can cor-
respond to amplitude-modulated pickoff signals that are
capacitively coupled to the X, Y, and Z-axis electrodes
18, 20, and 22 in response to motion of the vibrating-
mass(es) 16. The pickoff signals PO can thus be demod-
ulated via the demodulator system 28 to determine an
appropriate magnitude of the respective drive signals
DRV and/or force-rebalance signals FRB, such as to
maintain the in-plane periodic oscillatory motion of the
vibrating-mass(es) 16 and to maintain the vibrating-
mass(es) 16 in the null position in the sense axes, re-
spectively.

[0016] Thus, the processor 24 can calculate the mag-
nitude of the force-rebalance signals FRB in a manner
that is indicative of the rate of angular rotation of the sen-
sor system 12 about the respective sense axes. As an
example, a magnitude of the force-rebalance signals
FRB, and thus the electrostatic force, that is required to
maintain the vibrating-mass(es) 16 at the null position
along a given one of the sense axes can correspond to
a rate of rotation of the sensor system 12 about the re-
spective sense axis. Therefore, the magnitude of the
force-rebalance signals FRB can be implemented by the
processor 24 to calculate the angular rotation of the sen-
sor system 12 about the respective sense axis. Accord-
ingly, the gyroscope controller 14 can provide the meas-
urement of the angular rate of rotation about the respec-
tive sense axes as an output signal ROT.

[0017] FIG.2illustrates an example of a sensor system
50. The sensor system 50 can correspond to the sensor
system 12 in the example of FIG. 1. Therefore, reference
is to be made to the example of FIG. 1 in the following
example of FIG. 2.

[0018] The sensor system 50 is demonstrated in two
plan views 52 and 54 that are orthogonal, as demonstrat-
ed by the Cartesian coordinate systems 56 and 58. The
sensor system 50 includes a vibrating-mass 60 that is
coupled to a housing 62 via spring flexures 64. While the
example of FIG. 2 demonstrates that the vibrating-mass
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60 is coupled to each of the interior walls of the housing
62 via pairs of spring flexures 64, it is to be understood
that the flexures 64 can be arranged in any of a variety
of ways. The flexures 64 are configured to facilitate mo-
tion of the vibrating-mass 60 relative to the housing 62
in each of the three orthogonal axes in response to elec-
trostatic forces and/or Coriolis forces. Additionally, the
sensor system 50 also includes sets of electrodes, dem-
onstrated in the example of FIG. 2 as X-axis electrodes
66, Y-axis electrodes 68, and Z-axis electrodes 70. It is
to be understood that the Z-axis electrodes 70 are not
visible in the first view 52 and the Y-axis electrodes are
not visible in the second view 54 for drawing simplicity.
[0019] The sensor system 50 is thus demonstrated in
the example of FIG. 2 as being approximately symmet-
rical about each of the three orthogonal axes to provide
for application of the drive signal(s) DRV to a given one
of the sets of electrodes 66, 68, and 70 at a given one
time to provide for in-plane periodic oscillatory motion
along that respective axis as the drive axis, such that the
other two of the sets of electrodes 66, 68, and 70 can
each correspond to sense axes for calculation of the ro-
tation of the sensor system 50 about the respective sense
axes based on providing respective force-rebalance sig-
nals to the other two of the sets of electrodes 66, 68, and
70.

[0020] FIG. 3 illustrates an example diagram 100 of
motion of the sensor system 50. The diagram 100 dem-
onstrates the sensor system 50, and the associated com-
ponents of the sensor system 50. Therefore, like refer-
ence numbers are used and reference is to be made to
the example of FIGS. 1 and 2 in the following example
of FIG. 3.

[0021] The diagram 100 includes first motion 102 of
the sensor system 50, in which the drive signal(s) DRV
are provided to the X-axis electrodes 66 to provide in-
plane periodic oscillatory motion of the vibrating-mass
60 along the X-axis, demonstrated in the +X direction at
104 and in the -X direction at 106. As an example, the
drive signal(s) DRV can include a single signal provided
to one of the X-axis electrodes 66 to provide an attractive
electrostatic force in one direction (e.g., the +X direction)
in one phase, and the spring flexures 64 provide a reac-
tionary motion of the vibrating-mass 60 in the opposite
direction at an opposite (e.g., 180°) phase. As another
example, the drive signal(s) DRV can include a pair of
drive signals DRV that are provided 180° out-of-phase
with respect to each other to provide an attractive elec-
trostatic force in each of the X-axis respective directions
at each of opposite phases. As an example, while the
gyroscope controller 14 provides the drive signal(s) DRV
to the X-axis electrodes 66 in the first motion 102, the
gyroscope controller 14 can provide first force-rebalance
signals FRB, to the Y-axis electrodes 68 and second
force-rebalance signals FRB, to the Z-axis electrodes 70
to maintain the vibrating-mass 60 in the null position
along the respective Y and Z sense-axes.

[0022] The diagram 100 includes second motion 108
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of the sensor system 50, in which the drive signal(s) DRV
are provided to the Y-axis electrodes 68 to provide in-
plane periodic oscillatory motion of the vibrating-mass
60 along the Y-axis, demonstrated in the +Y direction at
110 and in the -Y direction at 112. As an example, the
drive signal(s) DRV can include a single signal provided
to one of the Y-axis electrodes 68 to provide an attractive
electrostatic force in one direction (e.g., the +Y direction)
in one phase, and the spring flexures 64 provide a reac-
tionary motion of the vibrating-mass 60 in the opposite
direction at an opposite (e.g., 180°) phase. As another
example, the drive signal(s) DRV can include a pair of
drive signals DRV that are provided 180° out-of-phase
with respect to each other to provide an attractive elec-
trostatic force in each of the respective Y-axis directions
at each of opposite phases. As an example, while the
gyroscope controller 14 provides the drive signal(s) DRV
to the Y-axis electrodes 68 in the first motion 108, the
gyroscope controller 14 can provide first force-rebalance
signals FRB, to the X-axis electrodes 66 and second
force-rebalance signals FRB, to the Z-axis electrodes 70
to maintain the vibrating-mass 60 in the null position
along the respective X and Z sense-axes.

[0023] The diagram 100 includes third motion 114 of
the sensor system 50, in which the drive signal(s) DRV
are provided to the Z-axis electrodes 70 to provide in-
plane periodic oscillatory motion of the vibrating-mass
60 along the Z-axis, demonstrated in the +Z direction at
116 and in the -Z direction at 118. As an example, the
drive signal(s) DRV can include a single signal provided
to one of the Z-axis electrodes 70 to provide an attractive
electrostatic force in one direction (e.g., the +Z direction)
in one phase, and the spring flexures 64 provide a reac-
tionary motion of the vibrating-mass 60 in the opposite
direction at an opposite (e.g., 180°) phase. As another
example, the drive signal(s) DRV can include a pair of
drive signals DRV that are provided 180° out-of-phase
with respect to each other to provide an attractive elec-
trostatic force in each of the respective Z-axis directions
at each of opposite phases. As an example, while the
gyroscope controller 14 provides the drive signal(s) DRV
to the Z-axis electrodes 70 in the first motion 114, the
gyroscope controller 14 can provide first force-rebalance
signals FRB, to the X-axis electrodes 66 and second
force-rebalance signals FRB, to the Y-axis electrodes
68 to maintain the vibrating-mass 60 in the null position
along the respective X and Y sense-axes.

[0024] FIG. 4 illustrates another example of a sensor
system 150. The sensor system 150 can correspond to
the sensor system 12 inthe example of FIG. 1. Therefore,
reference is to be made to the example of FIG. 1 in the
following example of FIG. 4.

[0025] The sensor system 150 is demonstrated in a
plan view along the Z-axis, as demonstrated by the Car-
tesian coordinate system 152. The sensor system 150
includes four vibrating-masses 154 that are each coupled
to a housing 156 via spring flexures 158. While the ex-
ample of FIG. 4 demonstrates that the vibrating-masses



9 EP 3 495 772 A1 10

154 are each coupled to each of the interior walls of the
housing 156 via pairs of spring flexures 158, it is to be
understood that the flexures 158 can be arranged in any
of a variety of ways. The flexures 158 are configured to
facilitate motion of the vibrating-mass 154 relative to the
housing 156 in each of the three orthogonal axes in re-
sponse to electrostatic forces and/or Coriolis forces. As
an example, the in-plane periodic oscillatory motion of
the vibrating-masses 154 can be provided at 180° out-
of-phase with respect to each given pair of the vibrating-
masses 154 to provide counter-balanced motion of the
vibrating-mass(es) 154. Additionally, the sensor system
150 also includes sets of electrodes, demonstrated in the
example of FIG. 4 as sets of X-axis electrodes 160, sets
of Y-axis electrodes 162, and sets of Z-axis electrodes
(not visible in the example of FIG. 4).

[0026] The sensor system 150 is thus demonstrated
in the example of FIG. 4 as being approximately sym-
metrical about each of the three orthogonal axes to pro-
vide for application of the drive signal(s) DRV to a given
one of the sets of electrodes 160, 162, and the Z-axis
electrodes at a given one time to provide for in-plane
periodic oscillatory motion along that respective axis as
the drive axis, such that the other two of the sets of elec-
trodes 160, 162, and the Z-axis electrodes can each cor-
respond to sense axes for calculation of the rotation of
the sensor system 150 about the respective sense axes
based on providing respective force-rebalance signals
to the other two of the sets of electrodes 160, 162, and
the Z-axis electrodes.

[0027] FIG. 5 illustrates an example diagram 200 of
motion of the sensor system 150. The diagram 200 dem-
onstrates the sensor system 150, and the associated
components of the sensor system 150. Therefore, like
reference numbers are used and reference is to be made
to the example of FIGS. 1 and 4 in the following example
of FIG. 5.

[0028] The diagram 200 includes motion of the sensor
system 150, in which the drive signal(s) DRV are provided
to the sets of X-axis electrodes 160 to provide in-plane
periodic oscillatory motion of the vibrating-masses 154
along the X-axis. In the example of FIG. 4, the vibrating-
masses 154 are demonstrated as being out-of-phase by
approximately 180° with respect to each pair of the vi-
brating-masses 154, such that each pair of vibrating-
masses 154 is concurrently moving in both +X direction
and the -X direction. Similar to as described previously,
the drive signal(s) DRV can include a single signal pro-
vided to a given one of the sets of X-axis electrodes 160
to provide an attractive electrostatic force in one direction
(e.g., the +X direction) in one phase, and the spring flex-
ures 158 provide a reactionary motion of the vibrating-
masses 154 in the opposite direction at an opposite (e.g.,
180°) phase. As another example, the drive signal(s)
DRV can include a pair of drive signals DRV that are
provided 180° out-of-phase with respect to each other to
provide an attractive electrostatic force in each of the X-
axis respective directions at each of opposite phases. As
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an example, while the gyroscope controller 14 provides
the drive signal(s) DRV to the sets of X-axis electrodes
160, the gyroscope controller 14 can provide first force-
rebalance signals FRBy to the sets of Y-axis electrodes
162 and second force-rebalance signals FRB to the sets
of Z-axis electrodes (not shown in the example of FIGS.
4 and 5) to maintain the vibrating-masses 154 in the null
position along the respective Y and Z sense-axes.
[0029] While the example of FIG. 5 demonstrates only
motion of the vibrating-masses 154 along the X-axis, it
is to be understood that the drive signals DRV can be
provided to the sets of Y-axis electrodes 162 or to the
sets of Z-axis electrodes to provide for in-plane periodic
oscillatory motion along the respective Y and Z-axes, as
well, similar to as described in the example of FIG. 3.
[0030] Referring back to the example of FIG. 1, as de-
scribed previously, the gyroscope system 10 can be con-
figured to calculate the rate of rotation ROT about two of
the orthogonal axes based on providing the drive sig-
nal(s) DRV to one of the sets of electrodes 18, 20, and
22 to drive the vibrating-mass 16 along the respective
one of the orthogonal axes and by providing the force-
rebalance signals FRB to the other two sets of electrodes
18, 20, and 22 to calculate the rate of rotation ROT about
the respective two orthogonal axes associated with the
other two sets of electrodes 18, 20, and 22. However,
because the vibrating-mass 16 is arranged to be able to
be driven along any of the three orthogonal axes, the
gyroscope controller 14 can be configured to change the
drive axis during operation of the gyroscope system 10,
and thus change the sense axes of the gyroscope system
10. As a result, a given one sensor system 12 can be
configured to facilitate calculation of the rate of rotation
ROT about any two of the orthogonal axes in each of
different time periods in response to changing the drive
axis in the different time periods. As an example, chang-
ing the drive axis based on providing the drive signal(s)
DRV to a different one of the sets of electrodes 18, 20,
and 22 can provide for alternately facilitating measure-
ment of the rate of rotation ROT about the other two or-
thogonal axes, respectively, and thus to allow a single
sensor system 12 to measure the rate of rotation ROT
about all three orthogonal axes over different time peri-
ods. As another example, implementing multiple sensor
systems 12 can facilitate concurrent calculation of the
rotation ROT about all three orthogonal axes, and can
allow for one or more of the sensor systems 12 to be
calibrated, as described in greater detail herein.

[0031] As an example, the gyroscope system 10 can
include a plurality of substantially identical sensor sys-
tems 12. As one example, the gyroscope system 10 can
include two substantially identical sensor systems 12,
and as another example, the gyroscope system 10 can
include three substantially identical sensor systems 12.
For example, the sensor systems 12 can be arranged in
a substantially common coplanar arrangement. In each
example of plural sensor systems 12, the drive signal(s)
DRV can be provided to a different set of electrodes 18,
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20, and 22 in each of the different sensor systems 12.
Accordingly, the rate of rotation ROT can be calculated
concurrently for each of the three orthogonal axes. Ad-
ditionally, the rate of rotation ROT about at least one of
the axes can be calculated redundantly. For example,
such redundancy can facilitate calibration of the respec-
tive sensor systems 12 about the given one of the or-
thogonal axes.

[0032] FIG. 6 illustrates another example of a gyro-
scope system 250. The gyroscope system 250 can cor-
respond to a portion of the gyroscope system 10 in the
example of FIG. 1. In the example of FIG. 6, the gyro-
scope system 250 includes a first sensor system 252 and
a second sensor system 254. As an example, each of
the sensor systems 252 and 254 can be configured sub-
stantially similar to the sensor system 50 in the example
of FIG. 2 or the sensor system 150 in the example of FIG.
4. Therefore, reference is to be made to the examples of
FIGS. 1-5 in the following description of the example of
FIG. 6.

[0033] Inthe example of FIG. 6, the first sensor system
252 is demonstrated diagrammatically as being provided
an X-axis drive signal DRVy, to facilitate the in-plane
periodic oscillatory motion of the vibrating-mass(es)
along the X-axis. Therefore, the X-axis corresponds to
the drive axis for the first sensor system 252 in the ex-
ample of FIG. 6. The first sensor system 252 is also dem-
onstrated diagrammatically as being provided a Y-axis
force-rebalance signal FRBy, to facilitate force-rebal-
ance ofthe vibrating-mass(es) in the Y-axis, and as being
provided a Z-axis force-rebalance signal FRB, to facil-
itate force-rebalance of the vibrating-mass(es) in the Z-
axis. As a result, the gyroscope controller 14 can be con-
figured to calculate the rate of rotation of the first sensor
system 252 about the Y-axis and the Z-axis based on
pickoff signals PO resulting from Coriolis forces that act
upon the vibrating-mass(es) with respect to the Y-axis
and the Z-axis, respectively.

[0034] Similarly, the second sensor system 254 is
demonstrated diagrammatically as being provided a Y-
axis drive signal DRV, to facilitate the in-plane periodic
oscillatory motion of the vibrating-mass(es) along the Y-
axis. Therefore, the Y-axis corresponds to the drive axis
for the second sensor system 254 in the example of FIG.
6. The second sensor system 254 is also demonstrated
diagrammatically as being provided an X-axis force-re-
balance signal FRBy, to facilitate force-rebalance of the
vibrating-mass(es) in the X-axis, and as being provided
a Z-axis force-rebalance signal FRB, to facilitate force-
rebalance of the vibrating-mass(es) in the Z-axis. As a
result, the gyroscope controller 14 can be configured to
calculate the rate of rotation of the second sensor system
254 about the Y-axis and the Z-axis based on pickoff
signals PO resulting from Coriolis forces that act upon
the vibrating-mass(es) with respect to the Y-axis and the
Z-axis, respectively.

[0035] Asanexample, thefirstand second sensor sys-
tems 252 and 254 can be provided the respective drive
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signals DRVy4 and DRVy, signals concurrently, and can
likewise be provided the respective force-rebalance sig-
nals FRBy4, FRBz¢, FRBx,, and FRBz, concurrently.
Therefore, the gyroscope system 250 can be configured
to measure the rate of rotation ROT about the Y and Z-
axes based on the force-rebalance signals FRBy, and
FRB;, associated with the first sensor system 252, and
can measure the rate of rotation ROT about the X and
Z-axes based on the force-rebalance signals FRBy, and
FRB2, associated with the second sensor system 254.
Accordingly, the gyroscope system 250 can be config-
ured to concurrently calculate the rate of rotation of the
gyroscope system 250 about all three orthogonal axes
concurrently using only two sensor systems 252 and 254.
As aresult, the gyroscope system 250 can be implement-
ed in a less expensive and more simplistic manner than
gyroscope systems that implement separate sensor sys-
tems for each orthogonal axis. Additionally, the first and
second sensor systems 252 and 254 can be fabricated
on acommon plane, such that the gyroscope system 250
can be fabricated in a more compact and planar arrange-
ment to reduce space.

[0036] Furthermore, as described previously, the gy-
roscope controller 14 can be configured to change the
drive axis of each of the sensor systems 252 and 254 in
each of different time periods to change the drive axes,
and thus the sense axes, of each of the sensor systems
252 and 254. As an example, while the example of FIG.
6 demonstrates that the first sensor system 252 is driven
along the X-axis to measure the rate of rotation ROT
about the Y-axis and Z-axis, and that the second sensor
system 254 is driven along the Y-axis to measure the
rate of rotation ROT about the X-axis and Z-axis, the
gyroscope controller 14 can alternately or concurrently
change the respective drive axes. For example, the gy-
roscope controller 14 can, in a subsequent time period,
provide a Y-axis drive signal DRVy4, an X-axis force-
rebalance signal FRBy, and the Z-axis force-rebalance
signal FRBz, to the first sensor system 252, and can
provide a Z-axis drive signal DRV ,, the X-axis force-
rebalance signal FRBy,, and a Y-axis force-rebalance
signal FRBy, to the second sensor system 254. As a
result, in the subsequent time period, the first sensor 252
can be driven along the Y-axis to measure the rate of
rotation ROT about the X-axis and Z-axis, and the second
sensor system 254 can be driven along the Z-axis to
measure the rate of rotation ROT about the X-axis and
Y-axis. As an example, the gyroscope controller 14 can
stop the in-plane periodic oscillatory motion along the
drive axis of a previous time period based on the force-
rebalance signal(s) FRB, and can wait until the vibrating-
mass(es) are nulled along the respective axis before cal-
culating the rate of rotation ROT about the respective two
orthogonal axes when changing the respective drive axis.
While the respective one of the sensor systems 252 and
254 changes from one drive axis to another, the other of
the sensor systems 252 and 254 can continue to calcu-
late rate of rotation ROT about the respective two orthog-
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onal axes in real-time.

[0037] FIG. 7 illustrates another example of a gyro-
scope system 300. The gyroscope system 300 can cor-
respond to a portion of the gyroscope system 10 in the
example of FIG. 1. In the example of FIG. 7, the gyro-
scope system 300 includes a first sensor system 302, a
second sensor system 304, and a third sensor system
306. As an example, each of the sensor systems 302,
304, and 306 can be configured substantially similar to
the sensor system 50 in the example of FIG. 2 or the
sensor system 150 in the example of FIG. 4. Therefore,
reference is to be made to the examples of FIGS. 1-5in
the following description of the example of FIG. 7.
[0038] Inthe example of FIG. 7, the first sensor system
302 is demonstrated diagrammatically as being provided
an X-axis drive signal DRVXxi to facilitate the in-plane pe-
riodic oscillatory motion of the vibrating-mass(es) along
the X-axis. Therefore, the X-axis corresponds to the drive
axis for the first sensor system 302 in the example of
FIG. 7. Thefirst sensor system 302 is also demonstrated
diagrammatically as being provided a Y-axis force-rebal-
ance signal FRBy to facilitate force-rebalance of the vi-
brating-mass(es) in the Y-axis, and as being provided a
Z-axis force-rebalance signal FRB,, to facilitate force-
rebalance of the vibrating-mass(es) in the Z-axis. As a
result, the gyroscope controller 14 can be configured to
calculate the rate of rotation of the first sensor system
302 about the Y-axis and the Z-axis based on pickoff
signals PO resulting from Coriolis forces that act upon
the vibrating-mass(es) with respect to the Y-axis and the
Z-axis, respectively.

[0039] Similarly, the second sensor system 304 is
demonstrated diagrammatically as being provided a Y-
axis drive signal DRVy, to facilitate the in-plane periodic
oscillatory motion of the vibrating-mass(es) along the Y-
axis. Therefore, the Y-axis corresponds to the drive axis
for the second sensor system 304 in the example of FIG.
7. The second sensor system 304 is also demonstrated
diagrammatically as being provided an X-axis force-re-
balance signal FRBy to facilitate force-rebalance of the
vibrating-mass(es) in the X-axis, and as being provided
a Z-axis force-rebalance signal FRB, to facilitate force-
rebalance of the vibrating-mass(es) in the Z-axis. As a
result, the gyroscope controller 14 can be configured to
calculate the rate of rotation of the second sensor system
304 about the Y-axis and the Z-axis based on pickoff
signals PO resulting from Coriolis forces that act upon
the vibrating-mass(es) with respect to the Y-axis and the
Z-axis, respectively.

[0040] Similarly, the third sensor system 306 is dem-
onstrated diagrammatically as being provided a Z-axis
drive signal DRVz3 to facilitate the in-plane periodic os-
cillatory motion of the vibrating-mass(es) along the Z-
axis. Therefore, the Z-axis corresponds to the drive axis
for the third sensor system 306 in the example of FIG. 7.
The third sensor system 306 is also demonstrated dia-
grammatically as being provided an X-axis force-rebal-
ance signal FRByj5 to facilitate force-rebalance of the vi-
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brating-mass(es) in the X-axis, and as being provided a
Y-axis force-rebalance signal FRBz5 to facilitate force-
rebalance of the vibrating-mass(es) in the Y-axis. As a
result, the gyroscope controller 14 can be configured to
calculate the rate of rotation of the third sensor system
306 about the X-axis and the Y-axis based on pickoff
signals PO resulting from Coriolis forces that act upon
the vibrating-mass(es) with respect to the X-axis and the
Y-axis, respectively.

[0041] As an example, the sensor systems 302, 304,
and 306 can be provided the respective drive signals
DRVy4, DRVy,, and DRVy4 signals concurrently, and
can likewise be provided the force-rebalance signals
FRBy and FRBz,, the force-rebalance signals FRBy,»
and FRB2,, and the force-rebalance signals FRBy3; and
FRBy3 concurrently. Therefore, the gyroscope system
300 can be configured to measure the rate of rotation
ROT about the Y and Z-axes based on the force-rebal-
ance signals FRBy4 and FRB,, associated with the first
sensor system 302, can measure the rate of rotation ROT
about the X and Z-axes based on the force-rebalance
signals FRBy, and FRB,, associated with the second
sensor system 304, and can measure the rate of rotation
ROT about the X and Y-axes based on the force-rebal-
ance signals FRBy3; and FRBy3 associated with the third
sensor system 306. Accordingly, the gyroscope system
300 can be configured to concurrently calculate the rate
of rotation of the gyroscope system 300 about all three
orthogonal axes concurrently. Additionally, the sensor
systems 302, 304, and 306 can be fabricated on a com-
mon plane, such that the gyroscope system 300 can be
fabricated in a compact and planar arrangement to re-
duce space.

[0042] Furthermore, as described previously, the gy-
roscope controller 14 can be configured to change the
drive axis of each of the sensor systems 302, 304, and
306 in each of different time periods to change the drive
axes, and thus the sense axes, of each of the sensor
systems 302, 304, and 306. As an example, the example
of FIG. 7 demonstrates that the first sensor system 302
is driven along the X-axis to measure the rate of rotation
ROT about the Y-axis and Z-axis, and that the second
sensor system 304 is driven along the Y-axis to measure
the rate of rotation ROT about the X-axis and Z-axis, and
that the third sensor system 306 is driven along the Z-
axis to measure the rate of rotation ROT about the X-
axis and Y-axis. However, as described herein, the gy-
roscope controller 14 can alternately or concurrently
change the respective drive axes. For example, the gy-
roscope controller 14 can, in a subsequent time period,
provide a Y-axis drive signal DRVy4, an X-axis force-
rebalance signal FRBy, and the Z-axis force-rebalance
signal FRBzi to the first sensor system 302, can provide
a Z-axis drive signal DRV,, the X-axis force-rebalance
signal FRBy», and a Y-axis force-rebalance signal FRBy,
to the second sensor system 304, and can provide an X-
axis drive signal DRVygs, the Y-axis force-rebalance sig-
nal FRBy3, and a Z-axis force-rebalance signal FRBz3
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to the third sensor system 306. As a result, in the subse-
quenttime period, the first sensor 302 can be driven along
the Y-axis to measure the rate of rotation ROT about the
X-axis and Z-axis, the second sensor system 304 can be
driven along the Z-axis to measure the rate of rotation
ROT about the X-axis and Y-axis, and the third sensor
system 306 can be driven along the X-axis to measure
the rate of rotation ROT about the Y-axis and Z-axis.
Accordingly, as described in greater detail herein, while
a respective one of the sensor systems 302, 304, and
306 changes from one drive axis to another, the other
two of the sensor systems 302, 304, and 306 can collec-
tively continue to calculate rate of rotation ROT about the
three orthogonal axes in real-time to provide for uninter-
rupted operation.

[0043] FIG. 8illustrates another example diagram 350
of motion of sensor systems 352, 354, and 356. The di-
agram 350 can correspond to the gyroscope system 300
in the example of FIG. 7, with the first sensor system 352
corresponding to the first sensor system 302, the second
sensor system 354 corresponding to the second sensor
system 304, and the third sensor system 356 correspond-
ing to the third sensor system 306. Therefore, reference
is to be made to the example of FIG. 7 in the following
description of the example of FIG. 8.

[0044] The diagram 350 includes motion of the first
sensor system 352, in which the drive signal(s) DRV are
provided to sets of X-axis electrodes 358 to provide in-
plane periodic oscillatory motion of vibrating-masses 360
along the X-axis. In the example of FIG. 8, the vibrating-
masses 358 are demonstrated as being out-of-phase by
approximately 180° with respect to each pair of the vi-
brating-masses 360, such that each pair of vibrating-
masses 360 is concurrently moving in both +X direction
and the -X direction. Similar to as described previously,
the drive signal(s) DRVxi can include a single signal pro-
vided to a given one of the sets of X-axis electrodes 358
to provide an attractive electrostatic force in one direction
(e.g., the +X direction) in one phase, and spring flexures
362 provide a reactionary motion of the vibrating-masses
360 in the opposite direction at an opposite (e.g., 180°)
phase. As another example, the drive signal(s) DRVxi
caninclude a pair of drive signals DRVxithat are provided
180° out-of-phase with respect to each other to provide
an attractive electrostatic force in each of the X-axis re-
spective directions at each of opposite phases. As an
example, while the gyroscope controller 14 provides the
drive signal(s) DRVy, to the sets of X-axis electrodes
358, the gyroscope controller 14 can provide first force-
rebalance signals FRBy 4 to sets of Y-axis electrodes 364
and second force-rebalance signals FRB, to the sets of
Z-axis electrodes 366 to maintain the vibrating-masses
360 in the null position along the respective Y and Z
sense-axes.

[0045] The diagram 350 includes motion of the second
sensor system 354, in which the drive signal(s) DRVy,
are provided to the sets of Y-axis electrodes 364 to pro-
vide in-plane periodic oscillatory motion of vibrating-
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masses 360 along the Y-axis. In the example of FIG. 8,
the vibrating-masses 358 are demonstrated as being out-
of-phase by approximately 180° with respect to each pair
of the vibrating-masses 360, such that each pair of vi-
brating-masses 360 is concurrently moving in both +Y
direction and the -Y direction. Similar to as described
previously, the drive signal(s) DRV, caninclude a single
signal provided to a given one of the sets of Y-axis elec-
trodes 364 to provide an attractive electrostatic force in
one direction (e.g., the +Y direction) in one phase, and
spring flexures 362 provide a reactionary motion of the
vibrating-masses 360 in the opposite direction at an op-
posite (e.g., 180°) phase. As another example, the drive
signal(s) DRVy, caninclude a pair of drive signals DRV,
that are provided 180° out-of-phase with respect to each
other to provide an attractive electrostatic force in each
of the Y-axis respective directions at each of opposite
phases. As an example, while the gyroscope controller
14 provides the drive signal(s) DRVy, to the sets of Y-
axis electrodes 364, the gyroscope controller 14 can pro-
vide first force-rebalance signals FRBy, to the sets of X-
axis electrodes 358 and second force-rebalance signals
FRBy, to the sets of Z-axis electrodes 366 to maintain
the vibrating-masses 360 in the null position along the
respective X and Z sense-axes.

[0046] The diagram 350 includes motion of the third
sensor system 356, in which the drive signal(s) DRV 3
are provided to sets of Z-axis electrodes 366 to provide
in-plane periodic oscillatory motion of vibrating-masses
360 along the Z-axis. In the example of FIG. 8, the vi-
brating-masses 358 are demonstrated as being out-of-
phase by approximately 180° with respect to each pair
of the vibrating-masses 360, such that each pair of vi-
brating-masses 360 is concurrently moving in both +Z
direction and the -Z direction. Similar to as described
previously, the drive signal(s) DRV 5 caninclude a single
signal provided to a given one of the sets of Z-axis elec-
trodes 366 to provide an attractive electrostatic force in
one direction (e.g., the +Z direction) in one phase, and
the spring flexures 362 provide a reactionary motion of
the vibrating-masses 360 in the opposite direction at an
opposite (e.g., 180°) phase. As another example, the
drive signal(s) DRVz3 can include a pair of drive signals
DRV that are provided 180° out-of-phase with respect
to each other to provide an attractive electrostatic force
in each of the Z-axis respective directions at each of op-
posite phases. As an example, while the gyroscope con-
troller 14 provides the drive signal(s) DRVz; to the sets
of Z-axis electrodes 366, the gyroscope controller 14 can
provide first force-rebalance signals FRByj to sets of X-
axis electrodes 358 and second force-rebalance signals
FRBy3 to the sets of Y-axis electrodes 364 to maintain
the vibrating-masses 360 in the null position along the
respective X and Y sense-axes.

[0047] As an example, the sensor systems 352, 354,
and 356 can be provided the respective drive signals
DRVy4, DRVy,, and DRVyj3 signals concurrently, and
can likewise be provided the force-rebalance signals
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FRBy4 and FRBy,, the force-rebalance signals FRBy,
and FRB,, and the force-rebalance signals FRBy5 and
FRBy3 concurrently. Therefore, the gyroscope system
350 can be configured to measure the rate of rotation
ROT about the Y and Z-axes based on the force-rebal-
ance signals FRBy, and FRB5, associated with the first
sensor system 352, can measure the rate of rotationROT
about the X and Z-axes based on the force-rebalance
signals FRBy, and FRBy, associated with the second
sensor system 354, and can measure the rate of rotation
ROT about the X and Y-axes based on the force-rebal-
ance signals FRBy5; and FRBy 5 associated with the third
sensor system 356. Accordingly, the gyroscope system
350 can be configured to concurrently calculate the rate
of rotation of the gyroscope system 350 about all three
orthogonal axes concurrently. Additionally, the sensor
systems 352, 354, and 356 can be fabricated on a com-
mon plane, such that the gyroscope system 350 can be
fabricated in a compact and planar arrangement to re-
duce space.

[0048] As described previously, implementing the re-
dundant sensor systems 352, 354, and 356 can facilitate
calibration of the respective sensor systems 12 about the
given one of the orthogonal axes. For example, calcula-
tion of the rotation rate ROT about a given one of the
orthogonal axes is based on a vector cross-product be-
tween the rotation about the respective one of the orthog-
onal axes and the drive mode vibration of the vibrating-
mass(es) 360 along the respective drive axis. When the
gyroscope controller 14 cycles between different drive
axes for a given one of the sensor systems 352, 354, and
356, the vector cross-product changes polarity based on
the cross-product function variable switch. As a result,
for a given one of the orthogonal axes, the rate of rotation
about that orthogonal axis can be calculated differential-
ly, and thus with opposite polarity, with respect to two
different periods of time in which the drive axis has
changed from one axis to another. As a result, any bias
errors associated with the respective one of the sensor
systems 352, 354, and 356 with respect to the given drive
axis is substantially canceled in an equal and opposite
manner between the rate of rotation ROT calculations of
the two different time periods. As a result, the gyroscope
system 350 can be calibrated over a cycle of respective
changes of drive axis for each of the sensor systems 352,
354, and 356, as demonstrated in the following examples
of FIGS. 9-17.

[0049] The examples of FIGS. 9-17 each demonstrate
three sensor systems, labeled "SENSOR SYSTEM 1",
"SENSOR SYSTEM 2", and "SENSOR SYSTEM 3", that
can correspond respectively to three sensor systems as
described previously (e.g., the sensor systems 352, 354,
and 356, respectively). Each of the examples of FIGS.
9-17 can correspond to different time periods that can
occur during a complete calibration of the gyroscope sys-
tem that includes the respective sensor systems. There-
fore, the following description of the examples of FIGS.
9-17 can collectively correspond to a sequence of cali-
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10

bration of a respective gyroscope system (e.g., the gy-
roscope system 350). In the examples of FIGS. 9-17, the
sensor systems are demonstrated only by the respective
three orthogonal axes, in which either the drive axis is
changing, the drive signal DRV is being applied to the
respective electrodes, or the force-rebalance signals are
being applied to the respective electrodes to measure
the rate of rotation Q about the respective axis, as pro-
vided herein.

[0050] FIG. 9 illustrates an example diagram 400 of a
first calibration time period. In the first calibration time
period, the first sensor system is demonstrated as chang-
ing the drive axis from the X-axis to the Y-axis, as dem-
onstrated by the dashed lines of the respective X and Y-
axes, and by the arrow 402 demonstrating the transition.
As an example, the Y-axis can begin having the Y-axis
drive signal DRV 4 being provided after having been pro-
vided the X-axis drive signal DRVy, in the immediately
preceding time period (e.g., immediately prior to the first
calibration time period). Additionally, as an example, the
X-axis electrodes can have the force-rebalance signals
FRBy4 provided to null the vibrating-mass(es) with re-
spect to the X-axis, and can have the force-rebalance
signal FRB, provided to maintain the vibrating-mass(es)
nulled with respect to the Z-axis from the immediately
preceding time period (e.g., immediately prior to the first
calibration time period). Therefore, the first sensor sys-
tem is not facilitating calculation of a rate of rotation ROT
during the first calibration time period.

[0051] The diagram 400 also demonstrates a normal
operating condition of the second sensor system. In the
first calibration time period, the second sensor system is
provided the Y-axis drive signal DRV, to provide the in-
plane periodic oscillatory motion of the vibrating-
mass(es) along the Y-axis corresponding to the drive ax-
is. Additionally, the second sensor system is provided
force-rebalance signals FRBy, and FRBy, to facilitate
calculation of the rate of rotation Qy about the respective
X-axis and the rate of rotation Q, about the Z-axis. As
described previously, the rate of rotation is calculated
based on a vector cross-product of the drive axis and the
respective sense axis. Therefore, in the example of FIG.
9, the second sensor system provides a positive rate of
rotation +Qy, about the X-axis and a negative rate of
rotation -Qz, about the Z-axis.

[0052] Similarly, the diagram 400 further demonstrates
a normal operating condition of the third sensor system.
In the first calibration time period, the third sensor is pro-
vided the Z-axis drive signal DRV5 to provide the in-
plane periodic oscillatory motion of the vibrating-
mass(es) along the Z-axis corresponding to the drive ax-
is. Additionally, the third sensor system is provided force-
rebalance signals FRBy5; and FRBy4 to facilitate calcu-
lation of the rate of rotation Qy about the respective X-
axis and the rate of rotation Qy about the Y-axis. As de-
scribed previously, the rate of rotation is calculated based
on a vector cross-product of the drive axis and the re-
spective sense axis. Therefore, in the example of FIG.
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9, the third sensor system provides a negative rate of
rotation -Qy5 about the X-axis and a negative rate of ro-
tation -Qy 3 about the Y-axis.

[0053] FIG. 10 illustrates an example diagram 410 of
a second calibration time period. The second calibration
time period can immediately proceed the first calibration
time period demonstrated by the diagram 400 in the ex-
ample of FIG. 9, such as in response to a full transition
of the drive and sense axes of the first sensor system in
the diagram 400. The diagram 410 demonstrates a nor-
mal operating condition of the first sensor system. In the
second calibration time period, after changing the drive
axis in the first calibration time period, the first sensor
system is provided the Y-axis drive signal DRVy4 to pro-
vide the in-plane periodic oscillatory motion of the vibrat-
ing-mass(es) along the Y-axis corresponding to the drive
axis. Additionally, the first sensor system is provided
force-rebalance signals FRBy, and FRBy, to facilitate
calculation of the rate of rotation Qy about the respective
X-axis and the rate of rotation Q7 about the Z-axis. In the
example of FIG. 10, the first sensor system provides a
positive rate of rotation +Qy4 about the X-axis and a neg-
ative rate of rotation -Q, about the Z-axis.

[0054] In the second calibration time period, the sec-
ond sensor system is demonstrated as changing the
drive axis from the Y-axis to the Z-axis, as demonstrated
by the dashed lines of the respective Y and Z-axes, and
by the arrow 412 demonstrating the transition. As an ex-
ample, the Z-axis can begin having the Z-axis drive signal
DRV, being provided after having been provided the Y-
axis drive signal DRVy, in the first calibration time period.
Additionally, as an example, the Y-axis electrodes can
have the force-rebalance signals FRBy, provided to null
the vibrating-mass(es) with respect to the Y-axis, and
can have the force-rebalance signal FRB5, provided to
maintain the vibrating-mass(es) nulled with respect to
the Z-axis from the first calibration time period. Therefore,
the second sensor system is not facilitating calculation
of a rate of rotation ROT during the second calibration
time period.

[0055] The diagram 410 further demonstrates the nor-
mal operating condition of the third sensor system. In the
second calibration time period, the third sensor is provid-
ed the Z-axis drive signal DRV 5 to provide the in-plane
periodic oscillatory motion of the vibrating-mass(es)
along the Z-axis corresponding to the drive axis. Addi-
tionally, the third sensor system is provided force-rebal-
ance signals FRBy; and FRBy 5 to facilitate calculation
of the rate of rotation Qy about the respective X-axis and
the rate of rotation Qy about the Y-axis. In the example
of FIG. 10, the third sensor system provides a negative
rate of rotation -Qy3 about the X-axis and a negative rate
of rotation -Qy 3 about the Y-axis.

[0056] FIG. 11 illustrates an example diagram 420 of
a third calibration time period. The third calibration time
period can immediately proceed the second calibration
time period demonstrated by the diagram 410 in the ex-
ample of FIG. 10, such as in response to a full transition
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of the drive and sense axes of the second sensor system
in the diagram 410. The diagram 420 demonstrates a
normal operating condition of the first sensor system. In
the third calibration time period, the first sensor system
is provided the Y-axis drive signal DRV to provide the
in-plane periodic oscillatory motion of the vibrating-
mass(es) along the Y-axis corresponding to the drive ax-
is. Additionally, the first sensor system is provided force-
rebalance signals FRBy4 and FRBz4 to facilitate calcu-
lation of the rate of rotation Qy about the respective Y-
axis and the rate of rotation Q, about the Z-axis. In the
example of FIG. 11, the first sensor system provides a
positive rate of rotation +Qy4 about the X-axis and a neg-
ative rate of rotation -Qz, about the Z-axis.

[0057] Similarly, the diagram 420 further demonstrates
the normal operating condition of the second sensor sys-
tem. In the third calibration time period, after changing
the drive axis in the second calibration time period, the
second sensor is provided the Z-axis drive signal DRV,
to provide the in-plane periodic oscillatory motion of the
vibrating-mass(es) along the Z-axis corresponding to the
drive axis. Additionally, the second sensor systemis pro-
vided force-rebalance signals FRBy, and FRBy, to facil-
itate calculation of the rate of rotation Qy about the re-
spective X-axis and the rate of rotation Qy about the Y-
axis. Inthe example of FIG. 11, the second sensor system
provides a negative rate of rotation -Qy, about the X-axis
and a negative rate of rotation -Qy, about the Y-axis.
[0058] In the third calibration time period, the third sen-
sor system is demonstrated as changing the drive axis
from the Z-axis to the X-axis, as demonstrated by the
dashed lines of the respective X and Z-axes, and by the
arrow 422 demonstrating the transition. As an example,
the X-axis can begin having the X-axis drive signal DRV
being provided after having been provided the Z-axis
drive signal DRV in the second calibration time period.
Additionally, as an example, the Z-axis electrodes can
have the force-rebalance signals FRB5 provided to null
the vibrating-mass(es) with respect to the Z-axis, and
can have the force-rebalance signal FRBy5 provided to
maintain the vibrating-mass(es) nulled with respect to
the Y-axis from the second calibration time period. There-
fore, the third sensor system is not facilitating calculation
of a rate of rotation ROT during the third calibration time
period.

[0059] FIG. 12 illustrates an example diagram 430 of
a fourth calibration time period. The fourth calibration
time period can immediately proceed the third calibration
time period demonstrated by the diagram 420 in the ex-
ample of FIG. 11, such as in response to a full transition
of the drive and sense axes of the third sensor system
in the diagram 420. In the fourth calibration time period,
the first sensor system is demonstrated as changing the
drive axis from the Y-axis to the Z-axis, as demonstrated
by the dashed lines of the respective Y and Z-axes, and
by the arrow 432 demonstrating the transition. As an ex-
ample, the Z-axis can begin having the Z-axis drive signal
DRVz, being provided after having been provided the Y-
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axis drive signal DRVy, in the third calibration time peri-
od. Additionally, as an example, the Y-axis electrodes
can have the force-rebalance signals FRBy provided to
nullthe vibrating-mass(es) with respect to the Y-axis, and
can have the force-rebalance signal FRBy4 provided to
maintain the vibrating-mass(es) nulled with respect to
the X-axis from the third calibration time period. There-
fore, the first sensor system is not facilitating calculation
of arate of rotation ROT during the fourth calibration time
period.

[0060] The diagram 430 also demonstrates a normal
operating condition of the second sensor system. In the
fourth calibration time period, the second sensor is pro-
vided the Z-axis drive signal DRV, to provide the in-
plane periodic oscillatory motion of the vibrating-
mass(es) along the Z-axis corresponding to the drive ax-
is. Additionally, the second sensor system is provided
force-rebalance signals FRBy, and FRBy, to facilitate
calculation of the rate of rotation Qy about the respective
X-axis and the rate of rotation Qy about the Y-axis. In the
example of FIG. 11, the second sensor system provides
a negative rate of rotation -Qy, about the X-axis and a
negative rate of rotation -Qy, about the Y-axis.

[0061] Similarly, the diagram 430 further demonstrates
a normal operating condition of the third sensor system.
In the fourth calibration time period, after changing the
drive axis in the third calibration time period, the third
sensor is provided the X-axis drive signal DRVy5 to pro-
vide the in-plane periodic oscillatory motion of the vibrat-
ing-mass(es) along the X-axis corresponding to the drive
axis. Additionally, the third sensor system is provided
force-rebalance signals FRBy3 and FRB3 to facilitate
calculation of the rate of rotation Qy about the respective
Y-axis and the rate of rotation Q7 about the Z-axis. In the
example of FIG. 12, the third sensor system provides a
positive rate of rotation +Q. 5 about the X-axis and a pos-
itive rate of rotation +Q5 about the Z-axis.

[0062] FIG. 13 illustrates an example diagram 440 of
a fifth calibration time period. The fifth calibration time
period can immediately proceed the fourth calibration
time period demonstrated by the diagram 430 in the ex-
ample of FIG. 12, such as in response to a full transition
of the drive and sense axes of the first sensor system in
the diagram 430. The diagram 440 demonstrates a nor-
mal operating condition of the first sensor system. In the
fifth calibration time period, after changing the drive axis
in the fourth calibration time period, the first sensor sys-
tem is provided the Z-axis drive signal DRV, to provide
the in-plane periodic oscillatory motion of the vibrating-
mass(es) along the Z-axis corresponding to the drive ax-
is. Additionally, the first sensor system is provided force-
rebalance signals FRBy4 and FRBy to facilitate calcu-
lation of the rate of rotation Qy about the respective X-
axis and the rate of rotation Q, about the Y-axis. In the
example of FIG. 13, the first sensor system provides a
negative rate of rotation -Qy 1 about the X-axis and a neg-
ative rate of rotation -Qy4 about the Y-axis.

[0063] In the fifth calibration time period, the second
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sensor system is demonstrated as changing the drive
axis from the Z-axis to the X-axis, as demonstrated by
the dashed lines of the respective Y and Z-axes, and by
the arrow 442 demonstrating the transition. As an exam-
ple, the X-axis can begin having the X-axis drive signal
DRV, being provided after having been provided the Z-
axis drive signal DRV, in the fourth calibration time pe-
riod. Additionally, as an example, the Z-axis electrodes
can have the force-rebalance signals FRB, provided to
null the vibrating-mass(es) with respect to the Z-axis, and
can have the force-rebalance signal FRBy, provided to
maintain the vibrating-mass(es) nulled with respect to
the Y-axis from the fourth calibration time period. There-
fore, the second sensor system is not facilitating calcu-
lation of a rate of rotation ROT during the fifth calibration
time period.

[0064] The diagram 440 further demonstrates the nor-
mal operating condition of the third sensor system. In the
fifth calibration time period, the third sensor is provided
the X-axis drive signal DRV 5 to provide the in-plane pe-
riodic oscillatory motion of the vibrating-mass(es) along
the X-axis corresponding to the drive axis. Additionally,
the third sensor system is provided force-rebalance sig-
nals FRBy5 and FRB5 to facilitate calculation of the rate
of rotation Qy about the respective Y-axis and the rate
of rotation Q5 about the Z-axis. In the example of FIG.
13, the third sensor system provides a positive rate of
rotation +Qy 3 about the Y-axis and a positive rate of ro-
tation +Q5 about the Z-axis.

[0065] FIG. 14 illustrates an example diagram 450 of
a sixth calibration time period. The sixth calibration time
period can immediately proceed the fifth calibration time
period demonstrated by the diagram 450 in the example
of FIG. 13, such as in response to a full transition of the
drive and sense axes of the second sensor system in the
diagram 440. The diagram 450 demonstrates a normal
operating condition of the first sensor system. In the sixth
calibration time period, the first sensor system is provided
the Z-axis drive signal DRV, to provide the in-plane pe-
riodic oscillatory motion of the vibrating-mass(es) along
the Z-axis corresponding to the drive axis. Additionally,
the first sensor system is provided force-rebalance sig-
nals FRBy4 and FRBy to facilitate calculation of the rate
of rotation Qy about the respective X-axis and the rate
of rotation Qy about the Y-axis. In the example of FIG.
14, the first sensor system provides a negative rate of
rotation -Qy; about the X-axis and a negative rate of ro-
tation -Qy4 about the Y-axis.

[0066] Similarly, the diagram 450 further demonstrates
the normal operating condition of the second sensor sys-
tem. In the sixth calibration time period, after changing
the drive axis in the fifth calibration time period, the sec-
ond sensor is provided the X-axis drive signal DRVy, to
provide the in-plane periodic oscillatory motion of the vi-
brating-mass(es) along the X-axis corresponding to the
drive axis. Additionally, the second sensor systemis pro-
vided force-rebalance signals FRBy, and FRB, to facil-
itate calculation of the rate of rotation Qy about the re-
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spective Y-axis and the rate of rotation Q, about the Z-
axis. Inthe example of FIG. 14, the second sensor system
provides a positive rate of rotation +Qy, about the Y-axis
and a positive rate of rotation +Q, about the Z-axis.
[0067] In the sixth calibration time period, the third sen-
sor system is demonstrated as changing the drive axis
from the X-axis to the Y-axis, as demonstrated by the
dashed lines of the respective X and Y-axes, and by the
arrow 452 demonstrating the transition. As an example,
the Y-axis can begin having the Y-axis drive signal DRVy5
being provided after having been provided the X-axis
drive signal DRVyj in the fifth calibration time period.
Additionally, as an example, the X-axis electrodes can
have the force-rebalance signals FRBy3 provided to null
the vibrating-mass(es) with respect to the X-axis, and
can have the force-rebalance signal FRBz3 provided to
maintain the vibrating-mass(es) nulled with respect to
the Z-axis from the second calibration time period. There-
fore, the third sensor system is not facilitating calculation
of a rate of rotation ROT during the sixth calibration time
period.

[0068] FIG. 15 illustrates an example diagram 460 of
aseventh calibration time period. The seventh calibration
time period can immediately proceed the sixth calibration
time period demonstrated by the diagram 450 in the ex-
ample of FIG. 14, such as in response to a full transition
of the drive and sense axes of the third sensor system
inthe diagram 450. In the seventh calibration time period,
the first sensor system is demonstrated as changing the
drive axis from the Z-axis to the X-axis, as demonstrated
by the dashed lines of the respective X and Z-axes, and
by the arrow 462 demonstrating the transition. As an ex-
ample, the X-axis can begin having the X-axis drive signal
DRVy4 being provided after having been provided the Z-
axis drive signal DRV, in the sixth calibration time pe-
riod. Additionally, as an example, the Z-axis electrodes
can have the force-rebalance signals FRBz provided to
null the vibrating-mass(es) with respect to the Z-axis, and
can have the force-rebalance signal FRBy4 provided to
maintain the vibrating-mass(es) nulled with respect to
the Y-axis from the sixth calibration time period. There-
fore, the first sensor system is not facilitating calculation
of a rate of rotation ROT during the seventh calibration
time period.

[0069] The diagram 460 also demonstrates a normal
operating condition of the second sensor system. In the
seventh calibration time period, the second sensor is pro-
vided the X-axis drive signal DRVx2 to provide the in-
plane periodic oscillatory motion of the vibrating-
mass(es) along the X-axis corresponding to the drive ax-
is. Additionally, the second sensor system is provided
force-rebalance signals FRBy, and FRBy, to facilitate
calculation of the rate of rotation Qy about the respective
Y-axis and the rate of rotation Q5 about the Z-axis. In the
example of FIG. 15, the second sensor system provides
a positive rate of rotation +Qy, about the Y-axis and a
positive rate of rotation +Q, about the Z-axis.

[0070] Similarly, the diagram 460 further demonstrates
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a normal operating condition of the third sensor system.
In the seventh calibration time period, after changing the
drive axis in the sixth calibration time period, the third
sensor is provided the Y-axis drive signal DRV to pro-
vide the in-plane periodic oscillatory motion of the vibrat-
ing-mass(es) along the Y-axis corresponding to the drive
axis. Additionally, the third sensor system is provided
force-rebalance signals FRBy3; and FRB3 to facilitate
calculation of the rate of rotation Qy about the respective
X-axis and the rate of rotation Q about the Z-axis. In the
example of FIG. 15, the third sensor system provides a
positive rate of rotation Qy4 about the X-axis and a neg-
ative rate of rotation -Q5 about the Z-axis.

[0071] FIG. 16 illustrates an example diagram 470 of
an eighth calibration time period. The eighth calibration
time period can immediately proceed the seventh cali-
bration time period demonstrated by the diagram 460 in
the example of FIG. 15, such as in response to a full
transition of the drive and sense axes of the first sensor
system in the diagram 460. The diagram 470 demon-
strates a normal operating condition of the first sensor
system. In the eighth calibration time period, after chang-
ing the drive axis in the seventh calibration time period,
the first sensor system is provided the X-axis drive signal
DRVXxi to provide the in-plane periodic oscillatory motion
of the vibrating-mass(es) along the X-axis corresponding
to the drive axis. Additionally, the first sensor system is
provided force-rebalance signals FRBy4 and FRBz, to
facilitate calculation of the rate of rotation Q, about the
respective Y-axis and the rate of rotation Q, about the
Z-axis. In the example of FIG. 16, the first sensor system
provides a positive rate of rotation +Q ¢ about the Y-axis
and a positive rate of rotation +Q, about the Z-axis.
[0072] Inthe eighth calibration time period, the second
sensor system is demonstrated as changing the drive
axis from the X-axis to the Y-axis, as demonstrated by
the dashed lines of the respective X and Y-axes, and by
the arrow 472 demonstrating the transition. As an exam-
ple, the Y-axis can begin having the Y-axis drive signal
DRVy,, being provided after having been provided the X-
axis drive signal DRVy, in the seventh calibration time
period. Additionally, as an example, the X-axis electrodes
can have the force-rebalance signals FRBy, provided to
null the vibrating-mass(es) with respect to the X-axis, and
can have the force-rebalance signal FRB,, provided to
maintain the vibrating-mass(es) nulled with respect to
the Z-axis from the seventh calibration time period.
Therefore, the second sensor system is not facilitating
calculation of a rate of rotation ROT during the eighth
calibration time period.

[0073] The diagram 470 further demonstrates the nor-
mal operating condition of the third sensor system. In the
eighth calibration time period, the third sensor is provided
the Y-axis drive signal DRV to provide the in-plane pe-
riodic oscillatory motion of the vibrating-mass(es) along
the Y-axis corresponding to the drive axis. Additionally,
the third sensor system is provided force-rebalance sig-
nals FRBy3; and FRBz3 to facilitate calculation of the rate
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of rotation Qy about the respective X-axis and the rate
of rotation Q; about the Z-axis. In the example of FIG.
16, the third sensor system provides a positive rate of
rotation +Qy5 about the X-axis and a negative rate of
rotation -Q5 about the Z-axis.

[0074] FIG. 17 illustrates an example diagram 480 of
a ninth calibration time period. The ninth calibration time
period can immediately proceed the eighth calibration
time period demonstrated by the diagram 480 in the ex-
ample of FIG. 16, such as in response to a full transition
of the drive and sense axes of the second sensor system
in the diagram 470. The diagram 480 demonstrates a
normal operating condition of the first sensor system. In
the ninth calibration time period, the first sensor system
is provided the X-axis drive signal DRVy4 to provide the
in-plane periodic oscillatory motion of the vibrating-
mass(es) along the X-axis corresponding to the drive ax-
is. Additionally, the first sensor system is provided force-
rebalance signals FRBy, and FRB,, to facilitate calcu-
lation of the rate of rotation Qy about the respective Y-
axis and the rate of rotation Q; about the Z-axis. In the
example of FIG. 17, the first sensor system provides a
positive rate of rotation +Q./4 about the Y-axis and a pos-
itive rate of rotation +Q, about the Z-axis.

[0075] Similarly, the diagram 480 further demonstrates
the normal operating condition of the second sensor sys-
tem. In the ninth calibration time period, after changing
the drive axis in the eighth calibration time period, the
second sensor is provided the Y-axis drive signal DRV,
to provide the in-plane periodic oscillatory motion of the
vibrating-mass(es) along the Y-axis corresponding to the
drive axis. Additionally, the second sensor system is pro-
vided force-rebalance signals FRBy, and FRB, to facil-
itate calculation of the rate of rotation Qy about the re-
spective X-axis and the rate of rotation Q, about the Z-
axis. Inthe example of FIG. 17, the second sensor system
provides a positive rate of rotation +Qy, about the X-axis
and a negative rate of rotation -Q, about the Z-axis.
[0076] Inthe ninth calibration time period, the third sen-
sor system is demonstrated as changing the drive axis
from the Y-axis to the Z-axis, as demonstrated by the
dashed lines of the respective Y and Z-axes, and by the
arrow 482 demonstrating the transition. As an example,
the Z-axis can begin having the Z-axis drive signal DRV 5
being provided after having been provided the Y-axis
drive signal DRV in the eighth calibration time period.
Additionally, as an example, the Y-axis electrodes can
have the force-rebalance signals FRBy 5 provided to null
the vibrating-mass(es) with respect to the Y-axis, and
can have the force-rebalance signal FRBy3; provided to
maintain the vibrating-mass(es) nulled with respect to
the X-axis from the second calibration time period. There-
fore, the third sensor system is not facilitating calculation
of arate of rotation ROT during the ninth calibration time
period.

[0077] The associated gyroscope system thatincludes
the sensor systems of the examples of FIGS. 9-17 can
thus continuously cycle through the nine calibration time
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periods, such that at a given time period, one of the three
sensor systems is changing the drive axis. As an exam-
ple, the gyroscope system can also include a normal op-
erating mode, in which each of the three sensor systems
has a separate orthogonal axis provided the drive signals
DRV along a drive axis. Based on the rotation in drive
axes and the respective differential measurements of a
rate of rotation about a given one of the axes for a given
one of the sensor systems, the gyroscope controller 14
can also be configured to calibrate the sensor systems.
As an example, the processor 24 can be configured to
identify bias errors based on the differential measure-
ments of the rates of rotation, and can substantially can-
cel the bias errors from the calculations of the rates of
rotation in real-time.

[0078] As an example, in the examples of FIGS. 10
and 11, the first sensor system provides a negative rate
of rotation -Q, about the Z-axis, and in the examples of
FIGS. 16 and 17, the first sensor system provides a pos-
itive rate of rotation +Q54 about the Z-axis. Similarly, in
the examples of FIGS. 10 and 11, the first sensor system
provides a positive rate of rotation +Qy 1 about the X-axis,
and in the examples of FIGS. 13 and 14, the first sensor
system provides a negative rate of rotation -Qy, about
the X-axis. Similarly, in the examples of FIGS. 13 and
14, the first sensor system provides a negative rate of
rotation - Qy4 about the Y-axis, and in the examples of
FIGS. 16 and 17, the first sensor system provides a pos-
itive rate of rotation +Qy4 about the Y-axis. Therefore,
the first sensor system is configured to provide both a
positive and a negative rate of rotation Q calculation of
each of the three orthogonal axes in each of different
respective time periods. As described previously, any bi-
as errors associated with the respective one of the sensor
systems (e.g., the sensor systems 352, 354, and 356)
with respect to the given drive axis is substantially can-
celed in an equal and opposite manner between the rate
of rotation ROT calculations of the two different time pe-
riods. As a result, the gyroscope controller 14 can be
configured to calibrate the measurement of each of the
rates of rotation Qy4, Qy4, and Q4 provided by the first
sensor system over the course of the calibration time
periods based on the differential measurements provided
by the positive and negative rates of rotation. In other
words, because the bias errors can be identified by the
gyroscope controller 14 based on the differential meas-
urements, the bias errors can be canceled in a given
calculation of the rate of rotation of the sensor system at
a given time.

[0079] Similarly, the second and third sensor systems
can likewise be calibrated over the course of the nine
calibration time periods. Particularly, the second sensor
system can be calibrated with respect to rates of rotation
about the X-axis based on the calculated rates of rotation
-Qy, in the examples of FIGS. 11 and 12 relative to the
calculated rates of rotation +Qy, in the examples of FIGS.
9 and 17, with respect to rates of rotation about the Y-
axis based on the calculated rates of rotation -Qy, in the
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examples of FIGS. 11 and 12 relative to the calculated
rates of rotation +Qy, in the examples of FIGS. 14 and
15, and with respect to rates of rotation about the Z-axis
based on the calculated rates of rotation - Qz, in the
examples of FIGS. 9 and 17 relative to the calculated
rates of rotation +Q, in the examples of FIGS. 14 and
15. Similarly, the third sensor system can be calibrated
with respect to rates of rotation about the X-axis based
on the calculated rates of rotation -Qy5 in the examples
of FIGS. 9 and 10 relative to the calculated rates of ro-
tation +Qy4 in the examples of FIGS. 15 and 16, with
respect to rates of rotation about the Y-axis based on the
calculated rates of rotation -Qy 4 in the examples of FIGS.
9 and 10 relative to the calculated rates of rotation +Qy3
in the examples of FIGS. 12 and 13, and with respect to
rates of rotation about the Z-axis based on the calculated
rates of rotation -Q5 in the examples of FIGS. 15 and
16 relative to the calculated rates of rotation +Q5 in the
examples of FIGS. 12 and 13. Accordingly, the gyro-
scope system 10 can be substantially continuously cali-
brated without interrupting normal operation of the gyro-
scope system 10 for calculating the rates of rotation of
the gyroscope system 10 about all three orthogonal axes.
[0080] Inview of the foregoing structural and functional
features described above, a methodology in accordance
with various aspects of the presentinvention will be better
appreciated with reference to FIG. 18. While, for purpos-
es of simplicity of explanation, the methodology of FIG.
18 is shown and described as executing serially, it is to
be understood and appreciated that the presentinvention
is not limited by the illustrated order, as some aspects
could, in accordance with the present invention, occur in
different orders and/or concurrently with other aspects
from that shown and described herein. Moreover, not all
illustrated features may be required to implement a meth-
odology in accordance with an aspect of the present in-
vention.

[0081] FIG. 18 illustrates an example of a method 500
for measuring rotation about each of three orthogonal
axes via a gyroscope system (e.g., the gyroscope system
10). At 502, a drive signal (e.g., the drive signal DRV) is
provided to a first electrode (e.g., one of the sets of elec-
trodes 18, 20, 22) to provide a driving force to a vibrating-
mass (e.g., the vibrating-mass 16) along a first axis of
the three orthogonal axes during a first time period (e.g.,
the first calibration time period of diagram 400). At 504,
a first force-rebalance signal (e.g., the force-rebalance
signal FRB) is provided to a second electrode (e.g., an-
other one of the sets of electrodes 18, 20, 22) to provide
a first force-rebalance to the vibrating-mass in a second
axis of the three orthogonal axes during the first time
period to calculate a rotation of the gyroscope system
about the second axis based on the first force-rebalance
signal. At 506, a second force-rebalance signal is pro-
vided to a third electrode (e.g., another one of the sets
of electrodes 18, 20, 22) to provide a second force-re-
balance to the vibrating-mass in a third axis of the three
orthogonal axes during the first time period to calculate
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a rotation of the gyroscope system about the third axis
based on the second force-rebalance signal. At 508, the
drive signalis provided to the second electrode to provide
the driving force to the vibrating-mass along the second
axis during a second time period (e.g., the second cali-
bration time period of diagram 410). At 510, the first force-
rebalance signal is provided to the first electrode to pro-
vide the first force-rebalance to the vibrating-mass in the
first axis during the second time period to calculate a
rotation of the gyroscope system about the first axis
based on the first force-rebalance signal.

[0082] Whathave been described above are examples
of the invention. It is, of course, not possible to describe
every conceivable combination of components or meth-
odologies for purposes of describing the invention, but
one of ordinary skill in the art will recognize that many
further combinations and permutations of the invention
are possible. Accordingly, the invention is intended to
embrace all such alterations, modifications, and varia-
tions that fall within the scope of this application, including
the appended claims. Additionally, where the disclosure
or claims recite "a," "an," "a first," or "another" element,
or the equivalent thereof, it should be interpreted to in-
clude one or more than one such element, neither requir-
ing nor excluding two or more such elements. As used
herein, the term "includes" means includes but not limited
to, and the term "including" means including but not lim-
ited to. The term "based on" means based at least in part
on.

Claims
1. A gyroscope system comprising:

a sensor system comprising a vibrating-mass
and a plurality of electrodes each arranged to
provide one of a driving force and a force-rebal-
ance to the vibrating-mass in each of three or-
thogonal axes; and

a gyroscope controller configured to generate a
drive signal that is provided to a first electrode
of the plurality of electrodes to provide the driv-
ing force to facilitate an in-plane periodic oscil-
latory motion of the vibrating-mass along a first
axis of the three orthogonal axes, and to gener-
ate a force-rebalance signal that is provided to
each of asecond electrode and a third electrode
of the plurality of electrodes associated with a
respective second axis and a respective third
axis of the three orthogonal axes to calculate a
rotation of the gyroscope system about the re-
spective second axis and the respective third
axis of the three orthogonal axes.

2. The system of claim 1, wherein the gyroscope con-
troller is configured to alternate providing the drive
signal to one the plurality of sensors associated with
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the first axis and to alternate providing the force-re-
balance signal to the other of the plurality of sensors
in each of different time periods to calculate the ro-
tation of the gyroscope system about the respective
second axis and the respective third axis in each of
the different periods.

The system of claim 2, wherein the gyroscope con-
troller is configured to provide the drive signal to the
first electrode while concurrently applying the force-
rebalance signal to the second and third electrodes
for calculation of the rotation of the gyroscope sys-
tem about the respective second and third orthogo-
nal axes during a first time period, to provide the
drive signal to the second electrode while concur-
rently applying the force-rebalance signal to the first
and third electrodes for calculation of the rotation of
the gyroscope system about the respective first and
third orthogonal axes during a second time period,
and to provide the drive signal to the third electrode
while concurrently applying the force-rebalance sig-
nal to the first and second electrodes for calculation
of the rotation of the gyroscope system about the
respective first and second orthogonal axes during
a second time period.

The system of claim 1, wherein the sensor system
comprises a plurality of vibrating-masses, the plural-
ity of electrodes being arranged to provide one of a
driving force and a force-rebalance to each of the
plurality of vibrating-masses in each of the three or-
thogonal axes.

The system of claim 4, wherein the plurality of vibrat-
ing-masses comprises a pair of vibrating-masses,
wherein the gyroscope controller is configured to
generate the drive signal that is provided to the first
electrode of the plurality of electrodes of each vibrat-
ing-masses of the pair of vibrating-masses to provide
the driving force to facilitate an in-plane periodic os-
cillatory motion of each of the vibrating-masses
equally and oppositely along the first axis of the three
orthogonal axes.

The system of claim 1, wherein the gyroscope sys-
tem comprises a plurality of sensor systems, wherein
the gyroscope controller is configured to generate
the drive signal that is provided to the first electrode
of a first sensor system of the plurality of sensor sys-
tems to facilitate the in-plane periodic oscillatory mo-
tion of the vibrating-mass associated with the first
sensor system along the first axis of the three or-
thogonal axes and to generate the drive signal that
is provided to the second electrode of a second sen-
sor system of the plurality of sensor systems to fa-
cilitate the in-plane periodic oscillatory motion of the
vibrating-mass associated with the second sensor
system along the second axis of the three orthogonal
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axes, the gyroscope controller being further config-
ured to generate the force-rebalance signal that is
provided to each of the second electrode and the
third electrode of the first sensor system and to the
first electrode and the third electrode of the second
sensor system to calculate the rotation of the gyro-
scope system about the three orthogonal axes.

The system of claim 6, wherein the plurality of sensor
systems are arranged in a common planar arrange-
ment.

The system of claim 6, wherein the plurality of sensor
systems comprises:

a first sensor system that is driven in the first
axis to facilitate calculation of the rotation of the
gyroscope system about the second axis and
the third axis via the gyroscope controller;

a second sensor system thatis driven in the sec-
ond axis to facilitate calculation of the rotation
of the gyroscope system about the first axis and
the third axis via the gyroscope controller; and
a third sensor system that is driven in the third
axis to facilitate calculation of the rotation of the
gyroscope system about the first axis and the
second axis via the gyroscope controller.

The system of claim 8, wherein the gyroscope con-
troller is configured to calculate the rotation of the
gyroscope system about the first axis via the respec-
tive second and third sensor systems differentially,
to calculate the rotation of the gyroscope system
about the second axis via the respective first and
third sensor systems differentially, and to calculate
the rotation of the gyroscope system about the third
axis via the respective second and third sensor sys-
tems differentially.

The system of claim 8, wherein the gyroscope con-
troller is configured to alternately change the axis
along which each of the first, second, and third sen-
sor systems is driven via the drive signal in each of
a plurality of time periods to alternately calibrate the
first, second, and third sensor systems based on dif-
ferential calculations of the rotation of the gyroscope
system about a given one of the orthogonal axes in
two of the plurality of time periods for each of the
first, second, and third sensor systems.

A method for measuring rotation about each of three
orthogonal axes via a gyroscope system, the method
comprising:

providing a drive signal to a first electrode to
provide a driving force to a vibrating-mass along
a first axis of the three orthogonal axes during
a first time period;
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providing a first force-rebalance signal to a sec-
ond electrode to provide a first force-rebalance
to the vibrating-mass in a second axis of the
three orthogonal axes during the first time period
to calculate a rotation of the gyroscope system
about the second axis based on the first force-
rebalance signal;

providing a second force-rebalance signal to a
third electrode to provide a second force-rebal-
ance to the vibrating-mass in a third axis of the
three orthogonal axes during the first time period
to calculate a rotation of the gyroscope system
about the third axis based on the second force-
rebalance signal;

providing the drive signal to the second elec-
trode to provide the driving force to the vibrating-
mass along the second axis during a second
time period; and

providing the first force-rebalance signal to the
firstelectrode to provide the first force-rebalance
to the vibrating-mass in the first axis during the
second time period to calculate a rotation of the
gyroscope system about the first axis based on
the first force-rebalance signal.

The method of claim 11, further comprising providing
the second force-rebalance signal to the third elec-
trode to provide the second force-rebalance to the
vibrating-mass in the third axis during the second
time period to calculate the rotation of the gyroscope
system about the third axis based on the second
force-rebalance signal.

The method of claim 12, wherein providing the sec-
ond force-rebalance signal to the third electrode
comprises differentially calculating the rotation of the
gyroscope system about the third axis based on the
second force-rebalance signalin the firstand second
time periods to calibrate the gyroscope system with
respect to the calculation of the rotation of the gyro-
scope system about the third axis based on the sec-
ond force-rebalance signal.

14. The method of claim 11, further comprising:

providing the drive signal to the third electrode
to provide the driving force to the vibrating-mass
along the third axis during a third time period;
providing the first force-rebalance signal to the
firstelectrode to provide the first force-rebalance
to the vibrating-mass in the first axis during the
third time period to calculate the rotation of the
gyroscope system about the first axis based on
the first force-rebalance signal; and

providing the second force-rebalance signal to
the second electrode to provide the second
force-rebalance to the vibrating-mass in the sec-
ond axis during the third time period to calculate
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the rotation of the gyroscope system about the
second axis based on the second force-rebal-
ance signal.

15. The method of claim 11, wherein the vibrating-mass

is a first vibrating-mass associated with a first sensor
system, wherein the drive signal is afirstdrive signal,
the method further comprising:

providing a second drive signal to a fourth elec-
trode to provide a second driving force to a sec-
ond vibrating-mass associated with a second
sensor system along the second axis during the
first time period;

providing a third force-rebalance signal to a fifth
electrode to provide a third force-rebalance to
the second vibrating-mass in the first axis during
the first time period to calculate the rotation of
the gyroscope system about the first axis based
on the third force-rebalance signal;

providing a fourth force-rebalance signal to a
sixth electrode to provide a fourth force-rebal-
ance to the second vibrating-mass in the third
axis during the first time period to calculate the
rotation of the gyroscope system about the third
axis based on the fourth force-rebalance signal;
providing the second drive signal to the fourth
electrode to provide the driving force to the sec-
ond vibrating-mass along the first axis during
the second time period; and providing the third
force-rebalance signal to the fifth electrode to
provide the third force-rebalance to the second
vibrating-mass in the second axis during the
second time period to calculate the rotation of
the gyroscope system about the second axis
based on the third force-rebalance signal.
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